1. Introduction {#sec1}
===============

Diabetic retinopathy (DR), the most prevalent microvascular complication of diabetes mellitus (DM), is also the leading cause of blindness in working age individuals in developed countries \[[@B1]\]. Compared to nondiabetic subjects, diabetic patients present a significant 25-fold increase in blindness \[[@B2]\].

According to the proliferative status of retinal neovascularization, DR could be presented in two stages as nonproliferative stage (NPDR) and proliferative or neovascular stage (PDR) \[[@B3]\]. The pathological manifestations of DR include decreased retinal perfusion, thickened endothelial basement membrane in capillaries, loss of pericytes, increase in vasopermeability, and retinal neovascularization \[[@B4]--[@B6]\]. As a result, macular edema, vitreous hemorrhage, and tractional detachment of the retina are most responsible for vision loss \[[@B7]\].

The pathogenesis of DR has been described as the synergistic reaction of multiple factors, involving hyperglycemia, hemodynamic disorder, oxidative stress, mitochondrial dysfunction, and so on \[[@B8]--[@B12]\]. In recent years, a new argument has emerged that inflammation is an important factor in the occurrence and development of DR \[[@B13]--[@B20]\]. The first report indicating that inflammation contributes to the development of DR was from Powell and Field\'s study in 1964 showing that diabetic patients who had taken salicylates to treat rheumatoid arthritis had an incidence of DR lower than expected \[[@B21]\]. After that, more evidences were revealed to connect DR with inflammation \[[@B22]--[@B25]\]. However, the role of inflammation in the pathogenesis of DR is not completely understood and needs further exploration \[[@B3]\], especially concerning inflammatory cytokines, the biological markers of inflammatory response.

The aim of the present study was to compare the levels of inflammatory cytokines including interleukin- (IL-) 1*β*, IL-6, IL-8, IL-17, and tumor necrosis factor-*α* (TNF-*α*) in aqueous humour of patients either with DR or without DR, as well as to compare them in different proliferative stages of retinal neovascularization and in different lengths of diabetic history, in order to further explore the role of inflammatory cytokines in DR development.

2. Materials and Methods {#sec2}
========================

The present study was approved by the Clinical Research Ethics Committee of the First Affiliated Hospital of Kunming Medical University and followed the tenets of the Declaration of Helsinki. Informed consents were acquired from all participants before experiment.

2.1. Study Population {#sec2.1}
---------------------

This is a nonrandomized single-center observational clinical research enrolling 80 diabetic patients who were hospitalized in the First Affiliated Hospital of Kunming Medical University (Yunnan province, China) for cataract surgeries, from January 2015 to January 2016. Exclusion xcriteria are the following: (1) patients treated with anticoagulants; (2) patients with acute metabolic disorders, for example, ketoacidosis, or hyperosmolar syndrome; (3) patients with diabetic macrovascular complications; (4) patients with a history of cardiocerebrovascular disease; (5) patients with abnormal liver or kidney function; (6) patients with hypertension; (7) patients with mental illness; (8) patients with type I diabetes; and (9) patients who had received laser, anti-VEGF therapy, or triamcinolone treatment in the prior year.

2.2. Case Categorization {#sec2.2}
------------------------

Among all 80 patients with DM, 40 of them were diagnosed with DR (categorized into the DR group), while the rest without DR (categorized into the DM group). All cases were further categorized according to the lengths of their diabetic history, as the 5-year DR group, 10-year DR group and the 5-year DM group, 10-year DM group. The DR group was further categorized according to the proliferative stages of retinal neovascularization, as the 5-year nonproliferative DR group (5-year NPDR group), 5-year proliferative DR group (5-year PDR group), and the 10-year NPDR group, 10-year PDR group.

2.3. General Data Acquisition {#sec2.3}
-----------------------------

General data of each patient was collected including age, gender, height, weight, and medical history (e.g. diabetic history and medication history). Body mass index (BMI) is a common index of obesity and calculated by weight and height squared (kg/m^2^) \[[@B26]\]. Data from patient records/information were anonymized and deidentified before analysis.

2.4. Ophthalmologic Examination {#sec2.4}
-------------------------------

Visual acuity and intraocular pressure of each patient were measured, respectively, through Snellen charts and Goldmann applanation tonometer. All cases were examined by slit-lamp microscopic examination, fundus colorized photography (Carl Zeiss, Germany), fundus fluorescein angiography (FFA), and optical coherence tomography (Carl Zeiss, Germany). During FFA, 5 ml 10% sodium fluorescein was injected into the antecubital vein and digital images were taken. Retinopathy was classified into nonproliferative DR and proliferative DR by FFA results according to the Early Treatment of Diabetic Retinopathy Study (ETDRS) \[[@B27]\].

2.5. Sample Assay {#sec2.5}
-----------------

0.2 ml aqueous humour sample was drawn out of each patient during cataract surgery and preserved in −80°C refrigerator for later assays. Then, levels of inflammatory cytokines including IL-1*β*, IL-6, IL-8, IL-17, and TNF-*α* in aqueous humour were assayed by enzyme-linked immunosorbent assay (ELISA). 6 ml blood sample was drawn out of each patient though median cubital vein, respectively, in the morning with empty stomach and at two-hour postprandial moment. Glycosylated hemoglobin A1c (HbA1c), fasting blood glucose (FBG), and 2 h postprandial blood glucose (2hPG) were assayed by automatic biochemical analyzer.

2.6. Data Analysis Methods {#sec2.6}
--------------------------

Data were analyzed using SPSS 20.0 statistics software and evaluated by means and standard deviations ($\overline{x} \pm s$). *t*-test was used to compare data between groups. Pearson correlation analysis was adopted to analyze the relations among the inflammatory cytokines. Multiple stepwise regression analysis was applied to detect the significance of influential factors. *p* \< 0.05 was considered statistically significant.

3. Results {#sec3}
==========

3.1. General Information {#sec3.1}
------------------------

A total of 80 patients, including 36 males and 44 females, were enrolled in the present study. There were each 20 cases in the 5-year DR group, 10-year DR group and 5-year DM group, 10-year DM group, with no statistical differences of the construction of age, gender, or BMI among the groups (all *p* \> 0.05) ([Table 1](#tab1){ref-type="table"}).

3.2. Biochemical Assay Results of Peripheral Blood {#sec3.2}
--------------------------------------------------

FBG, 2hPG, and HbA1c in peripheral blood samples were assayed. There were no statistical differences of these assay results among the groups (all *p* \> 0.05) ([Table 1](#tab1){ref-type="table"}).

3.3. Inflammatory Cytokine Levels in Aqueous Humour {#sec3.3}
---------------------------------------------------

In aqueous humour samples, the inflammatory cytokines including IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* were assayed. The average levels of these cytokines in the 5-year DR group were all significantly higher than those in the 5-year DM group (all *p* \< 0.05) ([Table 2](#tab2){ref-type="table"}, [Figure 1(a)](#fig1){ref-type="fig"}). And the average levels of these cytokines in the 10-year DR group were also all significantly higher than those in the 10-year DM group (all *p* \< 0.05) ([Table 2](#tab2){ref-type="table"}, [Figure 1(b)](#fig1){ref-type="fig"}).

Regarding different stages of proliferative retinal neovascularization, the 5-year DR group consisted of 11 cases in the 5-year NPDR group and 9 cases in the 5-year PDR group, while the 10-year DR group consisted of 10 cases in the 10-year NPDR group and 10 cases in the 10-year PDR group. The average levels of cytokines IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* in the 5-year PDR group were all significantly higher than those in the 5-year NPDR group (all *p* \< 0.05) ([Table 2](#tab2){ref-type="table"}, [Figure 1(c)](#fig1){ref-type="fig"}). And the average levels of these cytokines in the 10-year PDR group were also all significantly higher than those in the 10-year NPDR group (all *p* \< 0.05) ([Table 2](#tab2){ref-type="table"}, [Figure 1(d)](#fig1){ref-type="fig"}).

With respect to different lengths of diabetic history, the average levels of these cytokines in the 5-year DR group were all significantly higher than those in the 10-year DR group (*t* = 15.134, 28.596, 16.068, 13.978, and 7.768, resp.; all *p* = 0.001) ([Figure 1(e)](#fig1){ref-type="fig"}). Whereas, there were no statistical differences of average levels of these cytokines between the 5-year DM group and 10-year DM group (*t* = −8.518, 1.175, 4.755, 3.648, −0.331; *p* = 0.120, 0.254, 0.360, 0.482, and 0.744, resp.) ([Figure 1(f)](#fig1){ref-type="fig"}).

In addition, between each two of these cytokines, there was a positive correlation in the 5-year DR group and in 10-year DR group (all *p* \< 0.05). Nevertheless, there was no such correlation in the 5-year DM group or in 10-year DM group (all *p* \> 0.05) (see supplementary material [available here](#supplementary-material-1){ref-type="supplementary-material"}).

4. Discussion {#sec4}
=============

In 2014, 387 million people (8.3% of the population worldwide) had diabetes, a chronic metabolic disease with increasing incidence and prevalence. It is estimated that within 20 years, this number would increase to 592 million \[[@B28]\]. Vascular complications of diabetes could be categorized into macrovascular complications and microvascular complications. And the most common microvascular complication is DR. According to a multi-hospital-based cross-sectional study in 2017, the age-gender-standardised prevalence of DR in China was 27.9%, similar to that in other studies from Western countries and other Asian countries \[[@B29]\]. DR is also a major cause of blindness, as patients could lose sight due to diabetic macular edema (DME) and/or PDR during the development of DR \[[@B30]\]. Therefore, to understand the pathogenesis of DR is with great significance.

In recent years, evidences have emerged showing that chronic low-grade inflammation of retina is important to the pathogenesis of DR, as it contributes to the development of edema and neovascularization \[[@B3], [@B14], [@B25], [@B31], [@B32]\]. During the development of DR, the underlying mechanisms have been described as the following four biochemical pathways: increase in advanced glycation end products (AGEs) formation, increase in polyol pathway flux, increase in hexosamine pathway flux, and activation of protein kinase C (PKC) isoforms \[[@B33]\]. Each pathway could also contribute to the upregulation of inflammatory cytokines \[[@B20]\]. But how exactly do these cytokines manifest in the aqueous humour of DR patients is not clear.

Thus, the present study was designed to compare the manifestations of inflammatory cytokines including IL-1*β*, IL-6, IL-8, IL-17, and TNF-*α* in aqueous humour of patients either with DR or without DR. This observational clinical study enrolled 80 diabetic patients who had undergone cataract surgeries. Half the number of them have DR and half the number without. And in each of the above two groups, there were also half the number of patients with 5 years of diabetic history and half the number of patients with 10 years of diabetic history. Neither did age, gender, BMI, nor peripheral blood biochemical assays results, including FBG, 2hPG, and HbA1c, showed any statistical differences among the groups, which in certain degree ruled out some factors that could bias the cytokine levels. Furthermore, none of the cases in our study had received laser, anti-VEGF therapy, or triamcinolone treatment in the last one year. In this way, we could possibly rule out the effect of these treatments on the level of interleukin in the aqueous humour \[[@B34], [@B35]\].

Results in our study showed that in aqueous humour, the average levels of inflammatory cytokines IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* in the 5-year DR group and 10-year DR group were higher than those in the 5-year DM group and 10-year DM group, respectively (all *p* \< 0.05). In addition, between each two of these cytokines, there was a positive correlation in the 5-year DR group and in 10-year DR group (all *p* \< 0.05), while there was no such correlation in the 5-year DM group or 10-year DM group (all *p* \> 0.05). These results indicated that cytokines IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* in aqueous humour were increased in DR patients and might have a synergistic effect on the pathogenesis of this disease.

Results in our study also demonstrated that in aqueous humour, the average levels of IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* in the 5-year PDR group and 10-year PDR group were higher than those in the 5-year NPDR group and 10-year NPDR group, respectively (all *p* \< 0.05). Therefore, we inferred that, in the aqueous humour of DR patients, IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* were elevated to the certain degree according to the progression of pathological neovascularization and that monitoring these cytokines dynamically could aid us in determining the severity of proliferation, which also reflects the severity of DR.

Furthermore, results in our study manifested that in aqueous humour, the average levels of IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* in the 5-year PDR group were higher than those in the 10-year PDR group (all *p* \< 0.05). The reason why the 10-year data is better than those at 5 years might be that if DR was diagnosed on the 5th year of DM, it might suggest that the patient had not been under an effective glycemic control. Otherwise, the pathogenesis process of DR could be slower, with the diagnosis of DR being delayed. That is why patients diagnosed of DR on the 10th year of DM were likely to have a better data than those who were diagnosed of DR on the 5th year of DM. Also, with effective glycemic control, the glycemic level could be reduced over time, which is in accordance with a study led by Holman et al. \[[@B36]\]. This manifestation implied that for diabetic patients, the higher these cytokine levels are, the sooner retinal complications might appear.

5. Conclusions {#sec5}
==============

The results of the present study suggested that the levels of inflammatory cytokines IL-1*β*, IL-6, IL-8, IL-17A, and TNF-*α* in aqueous humour may be associated to the pathogenesis, severity, and prognosis of DR. Studying the inflammatory manifestations in DR patients could provide great values for developing new strategies of diagnosis and treatment. More studies are needed to concentrate on treating DR by reducing these inflammatory factors.
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###### 

Supplementary Table: the correlation analysis results of each two of the assayed cytokines.

###### 

Click here for additional data file.

![Histogram of inflammatory cytokine levels in aqueous humour. (a) Histogram of each cytokine in the 5-year DR group and 5-year DM group. All tested cytokines were higher in the 5-year DR group (all *p* \< 0.05). (b) Histogram of each cytokine in the 10-year DR group and 10-year DM group. All tested cytokines were higher in the 10-year DR group (all *p* \< 0.05). (c) Histogram of each cytokine in the 5-year PDR group and 5-year NPDR group. All tested cytokines were higher in the 5-year PDR group (all *p* \< 0.05). (d) Histogram of each cytokine in the 10-year PDR group and 10-year NPDR group. All tested cytokines were higher in the 10-year PDR group (all *p* \< 0.05). (e) Histogram of each cytokine in the 5-year DR group and 10-year DR group. All tested cytokines were higher in the 5-year DR group (all *p* \< 0.05). (f) Histogram of each cytokine in the 5-year DM group and 10-year DM group. There were no statistical differences in all tested cytokines in these two groups (all *p* \> 0.05).](JDR2018-8546423.001){#fig1}

###### 

General information and biochemical assay results of each group.

  Groups       Case number   Age ($\overline{x} \pm s$)   Gender^∗^   BMI^∗^ ($\overline{x} \pm s$)   FBG^∗^ (mmol/l)   2hPG^∗^ (mmol/l)   HbA1c^∗^ (%)
  ------------ ------------- ---------------------------- ----------- ------------------------------- ----------------- ------------------ --------------
  5-year DR    20            58.5 ± 8.9                   8/12        23.4 ± 1.0                      8.7 ± 0.5         12.3 ± 3.4         11.2 ± 2.6
  10-year DR   20            59.3 ± 7.2                   9/11        23.7 ± 0.9                      8.5 ± 0.8         11.9 ± 3.6         10.4 ± 3.1
  5-year DM    20            58.4 ± 5.3                   10/10       22.9 ± 0.8                      8.5 ± 0.9         12.0 ± 2.8         10.9 ± 3.5
  10-year DM   20            58.6 ± 7.5                   9/11        23.4 ± 0.6                      8.8 ± 0.3         12.1 ± 2.7         11.0 ± 2.8
  *p* value                  \>0.05                       \>0.05      \>0.05                          \>0.05            \>0.05             \>0.05

^∗^Gender: male/female; ^∗^BMI: body mass index; ^∗^FBG: fasting blood glucose; ^∗^2hPG: 2 hour postprandial blood glucose; ^∗^HbA1c: glycosylated hemoglobin A1c.

###### 

Average levels of each inflammatory cytokine in aqueous humour ($\overline{x} \pm s$).

  Groups               Case number   IL-1*β* ^∗^ (pg/ml)   IL-6 (pg/ml)    IL-8 (pg/ml)      IL-17A (pg/ml)   TNF-*α* ^∗^ (pg/ml)
  -------------------- ------------- --------------------- --------------- ----------------- ---------------- ---------------------
  5-year DR group      20            22.109 ± 0.34         86.324 ± 1.54   342.782 ± 18.55   32.751 ± 0.68    14.065 ± 0.23
  5-year DM group      20            11.415 ± 0.25         18.221 ± 1.45   19.009 ± 1.13     13.875 ± 0.42    7.944 ± 0.22
  *t* value                          15.43                 39.01           27.78             21.42            19.15
  *p* value                          0.001                 0.001           0.001             0.002            0.001
  10-year DR group     20            20.589 ± 0.24         31.480 ± 1.35   137.903 ± 3.90    25.460 ± 0.59    11.765 ± 0.18
  10-year DM group     20            15.845 ± 0.53         16.080 ± 0.79   13.662 ± 0.53     12.084 ± 0.45    8.056 ± 0.29
  *t* value                          1.011                 10.477          30.598            17.670           11.499
  *p* value                          0.005                 0.001           0.003             0.001            0.001
  5-year PDR group     9             24.127 ± 0.59         91.434 ± 2.12   384.171 ± 30.83   35.784 ± 0.91    16.432 ± 0.24
  5-year NPDR group    11            18.229 ± 0.50         81.838 ± 2.33   300.930 ± 12.46   31.912 ± 0.96    12.826 ± 0.21
  *t* value                          4.958                 1.887           2.444             2.532            13.197
  *p* value                          0.001                 0.002           0.001             0.001            0.001
  10-year PDR group    10            22.667 ± 2.27         35.987 ± 0.17   144.437 ± 5.77    30.352 ± 0.90    12.855 ± 0.20
  10-year NPDR group   10            18.293 ± 1.50         27.190 ± 0.37   124.369 ± 1.05    20.568 ± 0.90    9.670 ± 0.17
  *t* value                          3.137                 19.392          3.375             16.707           67.498
  *p* value                          0.002                 0.001           0.001             0.001            0.001

All *p* values shown in this table are less than 0.05; ^∗^IL: interleukin; ^∗^TNF: tumor necrosis factor.
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